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1. Abstract 
Magnetic nanocrystals exhibit unique superparamagnetic behaviors. When they get 

into bio-medical systems, these magnetic nanocrystals have the potential to be utilized 
as probes and vectors for next-generation diagnosis and therapy. However, before one 
can utilize these nanomaterials in biology, it is important to assess if they have any 
deleterious properties in biological systems. In this project, we examined toxicity and 
biosafety of magnetic nanocrystals under both in vitro and in vivo conditions. In specific, 
cytotoxicity of inverse spinel metal ferrite nanocrystals with four different magnetic 
compositions (i.e. Fe3O4, MnFe2O4, CoFe2O4, NiFe2O4) on macrophage cells was 
investigated. We further examined nanocrystal (Fe3O4) surface charge effect on cellular 
cytotoxicity. In addition to such in vitro cellular toxicity of nanocrystals, in vivo 
biodistribution of Fe3O4 nanocrystals were examined by labeling them with radio-active 
111In-DTPA.  

 
Proposed Research 
 
 

In vivo stability test

-Bio-distribution test

-Blood half life

In vitro cell toxicity test

-Nanoparticle component effect

-Nanoparticle surface capping 
molecule effect

Toxicity and bio-safety test of 
magnetic nanocrystals

designed for nano-medical 
sensors

“Biocompatible and 
novel nanomagnet”

“High quality 
nanomagnet”
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2. Introduction 
Inorganic nanocrystals with unique quantum mechanical properties have the potential 

to revolutionize current classical mechanics-based science and industry. In particular, 
when these tiny materials get into biological system, their exceptionally enhanced 
properties can enable them to be utilized as key probes and vectors for next-generation 
ultra-sensitive detection and highly efficient therapeutic systems. During past few years, 
researches on this field have been explosively carried out and some of successful studies 
have shown such possibilities in part. However, before one can utilize these 
nanocrystals in clinical system, it is very important to examine their toxicity and bio-
safety and to establish a guide for their proper use in biological system. The unique, 
novel and enhanced physical and chemical characteristic of nanocrystals differentiated 
with their counter part, bulk material, leads dramatic improvements for various field 
including biomedical, electric, device, and storage applications. Especially, in 
biomedical purpose, tunability of the nanocrystal line properties through controlling 
their size, shape, and composition make these materials useful and optimized. 
Combined with biomaterials, nanocrystals are widely used in biological sensing, 
detection, and therapeutic systems including fast immunoassay separation & detection 
of bio-molecules (e.g. cell or DNA.), ultra-sensitive MRI (magnetic resonance imaging) 
contrast agent for in vivo disease detection, and target specific drug delivery system.  

In our previous study, we developed a nanotechnology-associated magnetic resonance 
imaging (nano-MRI) technique by utilizing magnetic nanocrystals with well-defined 
size, single crystallinity, and enhanced magnetic property. Utilization of these high 
quality nanomagnets as MR contrast agents provides highly sensitive detection of 
cancer under both in vitro and in vivo conditions. As a following study, in this project, 
we have further investigated their toxicity. In specific, we have focused on the the 
composition and surface property effects of magnetic nanocrystals on cytotoxicity to 
live cells and living subjects (i.e. mouse). This exploration will be very important for 
the development of nano-platform for biological system such a bio-compatible probe 
with high quality and excellent MR contrasting effect for MRI.  
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Fig 1. Nano Platform, the next generation nanosystem for biomedical purpose.    
 

Next Generation 
Therapeutics & 

Diagnostics

Imaging 
Biological Process 
and the Effect of 

Disease

Point-of-Care
Diagnostics

Artificial
Biomaterials &

Tissue

BiomaterialsNanomaterials

Nano PlatformNano Platform
Next Generation 
Therapeutics & 

Diagnostics

Imaging 
Biological Process 
and the Effect of 

Disease

Point-of-Care
Diagnostics

Artificial
Biomaterials &

Tissue

BiomaterialsNanomaterials

Nano PlatformNano Platform



 5

3. Approach 
We i) first synthesized various magnetic nanocrystals through a high temperature 

molecular precursor decomposition method in a appropriate organic medium. With 
these nanocrystals synthesized, ii) elucidation of the nanocrystal toxicity depending on 
the nanocrystal composition was conducted. As a case study, we examined the 
composition effects of inverse spinel magnetic nanocrystals on in vitro toxicity to 
macrophage cells by systematically changing M as Mn, Fe, Co, and Ni. Then, iii) we 
further examined in vivo pharmacokinetic studies of 12 nm Fe3O4 nanocrystals in a 
living animal (mouse), which include bio-distribution and blood half life time of the 
nanocrystals.  

 
3-1-1. Synthesis of magnetic nanocrystals 
 
In this research, we synthesized various types of magnetic nanocrystals including 

inverse spinel metal ferrites (e.g. Fe3O4, MnFe2O4, CoFe2O4, & NiFe2O4), cobalt 
nanocrystals, and core-shell Co@Pt. We adopted a high temperature molecular 
precursor decomposition method in nonhydrolytic media which provides high quality 
single crystalline stoichiometric magnetic nanocrystals. As-synthesized nanocrystals 
were coated with hydrophobic ligands and therefore insoluble in water. In order to make 
them water soluble, hydrophilic ligands, 2,3-dimercaptocuccinic acid, were introduced 
onto the nanocrystal surface via appropriate ligand exchange procedures.  
 

3-1-2. In vitro toxicity of metal ferrite nanocrystals 
We first examined the in vitro cytotoxicity of various metal ferrite nanocrystals (e.g. 

Fe3O4, MnFe2O4, CoFe2O4, & NiFe2O4) on U937 macrophage cells. In specific, we 
focused on the core metal composition effect of nanocrystals, since this can 
significantly influence on their cytotoxicity on the cells when metal ions are leaching 
from the nanocrystals. As a comparison, cytotoxicity of free divalent metal ion 
compounds (i.e. FeCl2, MnCl2, CoCl2, & NiCl2) was also examined through identical 
procedures used in metal ferrite toxicity study. Cells were incubated in a culture 
medium containing appropriate amounts of each nanocrystal. After 2 days, cell viability 
was evaluated by either FITC-Annexin-V fluorescent activated cell sorting (FACS). 

 
3-1-3. Biodistribution of metal ferrite nanocrystals 

In vivo behaviors of metal ferrite nanocrystals were examined through bio-distribution 
study of them in a live mouse. The magnetic nanocrystal was first conjugated with the 
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radio active isotope, 111In-DTPA, then intravenously injected into a nude mouse (n = 3). 
At 24 hrs, the mouse was sacrificed and dissected and samples of the tumor, liver, 
spleen, and muscle were taken. Radioactivity of each sample was measured by a γ-
counter (COBRA Quantum 5015, Packard, USA). The percentage of the injected dose 
per gram (%ID/g) of tissue was calculated.  

 
3-2. Uniqueness of approach 
In the previous research grant (grant # N62649-03-2-0008), we developed magnetic 

nanocrystals with various sizes and shapes via both the molecular designed approach 
and the bio-mimetic approach. These nanocrystals are the key component for biological 
sensing, detection, and therapeutic systems including fast immunoassay separation & 
detection of bio-molecules (such as cell or DNA), ultra-sensitive MRI (magnetic 
resonance imaging) contrast agent for in vivo disease detection, and target specific drug 
delivery system. 

Before utilizing them as nanoscale sensing elements for in vitro and in vivo clinical 
applications, it is very important to examine the toxicity and health effects of the 
nanocrystals onto the biological molecules and living systems (e.g. animal). In this 
project, we examine the toxicity and health effects of ultra-small (< 30 nm) bio-mimetic 
magnetic nanocrystals and optimize the biocompatibility of the magnetic nanocrystals 
by modifying the nanocrystal surface functionality (e.g. capping molecules) and the 
compositon.  From this study, development of well defined magnetic nanocrystals with 
high bio-compatibility and low toxicity is possible and this accelerates the creation of 
next generation nanosystems for unique applications of biomedical technology.  
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3-3 Research contents  
  The 1st stage: Synthesis of magnetic nanocrystals 

- Fabrication of inverse spinel metal ferrite magnetic nanocrystals 
- Synthesis of metallic Co and Co/Pt core/shell nanocrystals 

 
The 2nd stage: Evaluation of in vitro cytotoxicity of metal ferrite nanocrystals 

- Cytotoxicity of MFe2O4 nanocrystals (M = Fe, Mn, Co, Ni). 
 

The 3rd stage: Biodistribution study of MFe2O4 nanocrystals 
- Biodistribution of MnFe2O4 nanocrystals in a live nude mouse  
 

4. Results and discussion 
4-1. Synthesis of various magnetic nanocrystals 
At the early stage of this project, we performed the synthesis of various magnetic 

nanocrystals through nonhydrolytic high temperature thermal reaction protocol. Metal 
precursors and surfactants are dissolved in organic solvents and heated to reflux. Then 
reaction solution was cooled to room temperature when the reaction finished. With the 
method we could synthesized various nanocrystals with high monodispersity and 
excellent crystallinity which lead remarkably enhanced magnetic property. As shown in 
figure 3, various nanocrystals were synthesized, including metal oxides, metal, and core 
shell type, with narrow size distribution (~10 %). (J. Cheon et. al. J. Phys. Chem. B 
2005, 109, 13119.; Chem. Commun. 2006, 1619.; Angew. Chem. 2006, 45, 3414.) 
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Fig 3. TEM images of various magnetic nanocrystals. (a) Fe3O4, (b) MnFe2O4, (c) 
CoFe2O4, (d) NiFe2O4, (e) CoFe2O4, and (f) Co@Pt. 
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4-2. Toxicity study of nanocrystals 
According to our FACS analyses, all metal ferrite nanocrystals synthesized are 

biologically non-toxic in the tested nanocrystal concentration of 60 μg/ml. In contrast, 
only Fe2+ treated cells show reasonably good viability but other free divalent ions 
including Mn2+, Co2+, and Ni2+ show considerable toxicity on the cells even in a very 
low concentration (10 - 20 μg/ml). From these results, it is reasonable that our 
synthesized metal ferrite nanocrystals are stable and hardly release metal ions from the 
nanocrystals. 

(Cheon J. et. al. unpublished data.)  
 

Fig 4. Cytotoxicity profiles of free divalent metal ions (a) and metal ferrite nanocrystals 
(b) on macrophage.  
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4-3. In vivo stability of nanocrystals 
We also examined the biodistribution of manganese ferrite nanocrystals in a live 

mouse (n=3) implanted with NIH3T6.7 at a proximal femur region. WSMIO-Herceptin 
conjugates were labelled with radio-active 111In-DTPA compounds and then 
intravenously injected into the mouse. After 24 hrs, biodistribution of the conjugates 
was determined by using γ-counter analyses. In addition to being distributed in the 
tumor (3.4 %ID/g), our manganese ferrite nanocrystals were also distributed in the liver 
(12.8 %ID/g), spleen (8.7 %ID/g), and muscle (1.0 %ID/g) (%ID/g = injection-dose-
percentages per gram) (Fig. 5). The blood half-life time of the WSMIO-Herceptin 
probes was determined to be ~194 min. 
(Cheon J. et. al. unpublished data.)  

 

Fig 5. Bio-distribution study of iron oxide nanocrystals 
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5. Pay-off 
 
 
Inorganic nanocrystals which exhibit unique properties have the potential to be the 

key materials for next generation electronic devices, high density storage media, and 
biomedical diagnosis and treatment systems. Especially, magnetic nanocrystals can be 
used for magnetic sensing systems, magnetic target carriers for drug delivery, and 
magnetic information storages due to their special characteristics (small, enhanced 
magnetic properties, mobile, and highly water soluble). Therefore, the use of magnetic 
nanoparticles in biology offers next generation concept for the ultra fast real time 
detection and treatment of human disease.  

Another important issue that requires attention before the utilization of any newly 
developed nanocrystals is an assessment of any deleterious biological properties that 
they may possess. From this project, the development of highly bio-compatible 
magnetic nanocrystals with low toxicity was possible and this accelerates the creation of 
next generation nanosystems for unique applications of biomedical technology. 
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6. Summary 
In this project, i) we synthesized magnetic nanocrystals with various size, shape and 

composition. Through high temperature molecular precursor decomposition method we 
synthesized various nanocrystals such as metal, metal oxide, and core-shell type. With 
synthesized magnetic nanopaticles, ii) we performed the toxicity study including their 
composition toxic effect and surface capping molecule effect. Magnetic nanocrystals 
with various composition showed significantly reduced toxic effect compared to metal 
ions. In addition, surface modified nanocrystal with different capping molecules was 
also showed no harmful effect on cells. iii) We also studied the in vivo stability of 
nanocrystals through measuring their bio-distribution and blood half life using radio 
active isotope.  
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  * Detailed materials sheet 

Item Unit price ($) Amount Total ($) 

Iron pentacarbonyl (Strem 26-2800, 250 g) 

Oleic acid (Sigma O1383, 25 g) 

Sephadex G-25 (Sigma S5772, 25g) 

TBE buffer (Sigma T4415, 10x, 20 L) 

M2C2H 

1,2-Hexadecanediol, Tech (Aldrich 213748,  50g) 

Iron(III) acetylacetonate (Aldrich 517003,  50g) 

30.00 

150.00 

180.00 

230.00 

165.00 

132.50 

100. 0 

10 

2 

1 

2 

3 

2 

3 

300.00 

300.00 

180.00 

460.00 

495.00 

165.00 

300.00 

Total $ 2,200 
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